Objective-To assess whether thermoregulation in the cold season can be affected by prewarming before exercise. Methods-Four healthy non-athletic unacclimatised males were exercised to the same degree in summer and winter on a bicycle ergometer without prewarming (experiment 1) and after prewarming by sitting for 30 min in a room at 30'C (experiment 2). During exercise, sweat production and rectal and skin temperatures were measured continuously. Results-There was seasonal variation in sweating capacity and sensitivity and in heat storage during exercise without prewarming (experiment 1). After the subjects were warmed before exercise, there was no such seasonal variation in their sweat rates during exercise at 30'C and 40'C (experiment 2). In both cases, the sweat rate and skin temperature were dependent on the environmental temperature, and the sweat rate and core temperature were dependent on the workload. In the cold season, sweating sensitivity and evaporative cooling response could be enhanced by thermal stimulation. There was no seasonal difference in the relation between evaporative heat loss and metabolic rate in the two thermal conditions. These values did not differ significantly between winter after prewarming and summer (P > 0.05), neither did heat storage and metabolic heat production at various workloads (P > 0.05). Several reports have been published on seasonal variation of physiological responses to exercise. These responses include metabolic heat production,' heart rate,' forearm blood flow,2 maximum aerobic work capacity,3 and changes in body temperature.2 4 Shapiro and his coworkers5 observed the differences between acclimatisation to heat (40'C, relative humidity 30%) in winter and in summer. The rectal temperature in winter was consistently higher (0-15-0 350C) than in the summer experiments. The sweating reaction in summer was characterised by a relatively smaller salt loss despite a greater water loss, while the rise in core temperature was less in summer than in winter.6 Araki et al' have reported on physically inactive and active women, aged 19-22 years, exercising on a bicycle ergometer at three different work intensities for two hours during summer (July-August) and winter (January-February) at an ambient temperature of 30°C and a relative humidity of 60%. In both groups, the sweat rates were markedly higher in summer than in winter.
Conclusions-There is adaptation of the thermoregulatory mechanisms during temperature acclimatisation. Body warming enhances not only the heat dissipating activity of the thermoregulatory centre but also the induction of peripheral sweat gland activity. Seasonal change of sweat rate in exercising men can be eliminated through a different type of acclimatisation by prewarming in the cold season.
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Several reports have been published on seasonal variation of physiological responses to exercise. These responses include metabolic heat production,' heart rate,' forearm blood flow,2 maximum aerobic work capacity,3 and changes in body temperature.2 4 Shapiro and his coworkers5 observed the differences between acclimatisation to heat (40'C, relative humidity 30%) in winter and in summer. The rectal temperature in winter was consistently higher (0-15-0 350C) than in the summer experiments. The sweating reaction in summer was characterised by a relatively smaller salt loss despite a greater water loss, while the rise in core temperature was less in summer than in winter. 6 Araki et al' have reported on physically inactive and active women, aged 19-22 years, exercising on a bicycle ergometer at three different work intensities for two hours during summer (July-August) and winter (January-February) at an ambient temperature of 30°C and a relative humidity of 60%. In both groups, the sweat rates were markedly higher in summer than in winter.
On the other hand, heat acclimatisation studies have established the beneficial effects acclimatisation on thermal responses to dry or wet heat.7-'0 After heat acclimatisation, sweat rate, sweating efficiency, and sweating sensitivity increased and body core temperature and heart rate decreased compared to the nonacclimatised state. Moreover, during heating of the body in human subjects, skin blood flow in a limb outside the heated area increases, while at the same time the muscle blood flow may decrease." This must be taken into account when thermoregulatory changes in cutaneous blood flow are assessed by plethysmography of muscular parts of limbs (for example the forearm) or when measuring total blood flow of the extremities.'2-'4 Moreover, Ogawa et al found that local sweat rate of the warmed areas increased with repeated heating of a localised area of the skin. '5 Clearly it is important to examine human thermoregulatory responses during exercise, especially heat balance regulation. The previous reports, however, do not adequately account for seasonal and temperature acclimatisaton and its mechanisms. fig 1B) .
After the prewarming, the subjects performed exercise at the same work intensity as in experiment 1 and winter. Non-effective sweating was indirectly estimated from the increase in weight of subjects' underwear caused by absorbed sweat. In this experiment, the subjects' body weight was checked with a bed scale and their total sweat rates were calculated from body (C) weight before and after the exercise. "Effective sweating" (sweat efficiency) is described by
Houdas and Ring23 as follows:
Sweating efficiency = rate of sweat evaporation/ rate of sweat production
Rate of sweat evaporation -effective sweating -was indirectly estimated by equation (2) below.
The temperatures of seven locations of skin surface and Tre at a depth of 10-12 cm from the anus were recorded spontaneously every minute by a copper-constantan thermocouple recording system (AM-300, Ohkura Electric) with an accuracy of 005°C throughout the experimental period. Kuno.20 Furthermore, ATSR, the change in the annual These results may imply that the sweating capacity and sensitivity in summer are greater than in winter, and there is natural seasonal acclimatisation of physiological function in humans to inhibit the dissipation of heat from the body in winter. In contrast, these functions may be attenuated in summer, in order to minimise heat storage by the body (fig 2B) . The data from experiment 1 may reflect the fact that there is such a functional change in thermoregulatory mechanisms to seasonal temperature acclimatisation in the exercising human. We therefore compared thermal balance under submaximal exercise conditions in winter after prewarming and in summer.
The objective of experiment 2 was to assess whether m,,,, and sweating sensitivity in the cold showed that regulatory sweating can be predicted by a linear regression analysis with workload (or metabolic heat production) and ambient temperature, and these, taken together, represent the thermal load; this balance indicates the complete effectiveness of thermoregulation under these conditions.
Benzingeri8 found that sweat rate was entirely dependent on the degree of elevation of the internal temperature, which he measured at the tympanic membrane, provided that mean skin temperature was above 330C. The relation between the internal temperature and fsh,, was the same, whether body temperature was raised by exposing the subject at rest to a hot climate or by metabolic heat production.
On the other hand, basal metabolism in Japan has been found to have seasonal variation, high in winter and low in summer.39
Many researchers have investigated the effect of seasonal and other factors on heat production during exercise.1 2 4 According to Nielsen,40 the rate of heat production caused by muscular exercise is more closely related to workload than to ambient temperature, and there is a significant correlation between increase in core temperature and in the rate of heat production. Moreover, Saltin and 43 .30C), oxygen uptake during exercise was unaffected. 42 In the present study, the workloads were 40%, 60%, and 80% of V02max throughout the year. Moreover, no circadian difference was observed in metabolic heat production, while workload level and circadian variation affected sweat rate, Tre, and mean body temperature. 43 Thus, assuming that metabolic heat production, for a constant work intensity, is at least at the same level in each season ( fig. 4) , the rise in the core temperature in summer may be considered to be similar to that in winter. We assumed that the thermal body warming conducted before exercise in the cold season activated the heat dissipating mechanisms. As stated above, our data suggest that sweating may be facilitated not only by.a hypothalamic mechanism, from thermal information received from the skin thermoreceptors, but also by increased activity of the peripheral sweat glands.
Skin temperature control in humans has been shown to be the result of many factors. 23 The factors that affect the skin temperature are very complex and include core temperature, vasoconstriction and vasodilatation, blood flow, and ambient temperature (including the air velocity). In this study, we observed that an increased workload produced a proportional reduction in skin temperature in cool environments (1 0°C and 20°C). The fall in skin temperature is closely related to both nonthermal and thermal factors, such as evaporative heat loss. 44 However, in our study there was a fall in skin temperature during exercise at all workloads, and the fall was independent of the season and work intensity (figs 2 and 3). We also concluded that the skin temperature during exercise was modified as a result of competition between thermoregulatory vasodilatation and reflex induced vasoconstriction by regulatory factors imposed by the environmental temperature conditions. Nakayama et a145 4 have published a hypothesis on thermoregulatory mechanisms in the exercising human. If skin temperature does not change during physical exercise this is because of the competitive action between non-thermal vasoconstriction, thermal vasodilatation, and evaporation. On the other hand, if non-thermal vasoconstriction does not occur during exercise, internal temperature, with enhancement of heat dissipation function, does not increase through the exercise period. Thus the regulating mechanisms for increasing core temperature during physical exercise inhibit, at least in part, heat dissipation occurring by non-thermal vasoconstriction due to the exercise. We agree with their hypothesis on thermoregulatory mechanisms during exercise.
Recently, the significance of exercise for a healthy life has been recognised worldwide but there is little practical knowledge about physiological thermoregulatory function in humans, especially as it is affected by temperature conditions and exercise. We determined that the maximum rate of sweating is controlled by both work intensity and humidity in moderate temperature conditions. The former contributes to reduced heat loss and the latter to increased metabolic heat production. The maximum sweating capacity in humans is observed in prolonged moderate muscular exercise under thermal stress, namely, internal and external heat loads.3' It is induced by 60 to 240 minutes of muscular activity such as walking in the desert and simulation of severe exercise (>80% of maximum aerobic capacity). Thus the exercising human is affected by seasonal factors, and in the prescription of exercise programmes attention must be paid to such factors as exercise intensity, frequency, and duration. Indeed, exercise performance is influenced by environmental temperature, since it represents an extra load on the circulatory and thermoregulatory mechanisms, but internal temperature affects physical performance as well.'4 The beneficial effect of warm up has been known for a long time and was determined experimentally, for example, by Asmussen and B0je,47 who showed that the ability to perform running was better. Warm up has contributed to an increase in exercise performance and to a reduction in accidents caused by exercise and sports activity. This evidence may be important in evaluating the effectiveness of a physical training programme.
In conclusion, our findings suggest that adaptation of the thermoregulatory mechanisms during temperature and seasonal acclimatisation exists, and that external body warming enhances not only the heat dissipating activity of the thermoregulatory centre but also the induction of peripheral sweat gland activity. Furthermore The setting for the 1996 Conference is in an area of outstanding beauty with facilities for many sporting activities. This is a perfect opportunity to combine a Conference of high standard with a short break in a new setting and to experience our famous Irish hospitality. Full PGEA approval sought.
